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I Work, Energy and Power
L 2

A block of mass m = 0.1 kg is connected to a
spring of unknown spring constant k. It is
compressed to a distance x from its equilibrium
position and released from rest. After

approaching half the distance [gj from

equilibrium position, it hits another block and
comes to rest momentarily, while the other block
moves with a velocity 3 ms~!.

The total initial energy of the spring is

(@ 037 (b) 0.6]

(c) 08J d 1.5J

300 J of work is done in sliding a 2 kg block up an
inclined plane of height 10 m. Taking g= 10m/s?,
work done against friction is

(a) 100J (b) zero

(c) 1000J (d) 200J)

A particle experiences a variable force

F = (4xi + 3y2j') in a horizontal x-y plane.
Assume distance in meters and force is newton.
Ifthe particle moves from point (1, 2) to point (2, 3)
in the x—y plane, the kinetic energy changes by
(a) 50.0J (b) 1257

(c) 25.0] d oJ

The components of a force acting on a particle
are varying according to the graphs shown. When
the particles move from (0, 5, 6) to (2, 10, 0) then
the work done by this force is

A "
ins @ Trick
F(in N) ===’ y
F,(in N)
370 20
10f=-t==mmm--
15 Y

F (in N)
2 Z (in m)
16
400
@ 192) ®
287
(©) TJ (d) None of these

A particle of mass m is moving in a circular path
of constant radius » such that its centripetal
acceleration (a) is varying with time 7 as a = k212
where £ is a constant. The power delivered to
the particle by the force acting on it is given as
(a) zero (b) mk2r2t?

(c) mk2rit (d) mk?rt

Oneman takes 1 min. to raise a box to a height of
1 metre and another man takes 1/2 min. to do so.
The energy of the

(@) twoisdifferent (b) twoissame

(c) firstis more (d) second is more

If the momentum of a body is increased by 50%,
then the percentage increase in its kinetic energyis
(@) 50% (b) 100%

(© 125% (d) 200%

A ball dropped from a height of 2m reaches to a
height of 1.5m before hitting the ground. Then
the percentage of potential energy lost is

(@ 25 (b) 30

(©0 50 (d) 100

A body starts from rest and acquires a velocity V
in time T. The work done on the body in time t will
be proportional to

2 2

v \& v v
@ Tt 0 e @zt
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16.

17.

AT72

A 60 HP electric motor lifts an elevator having a
maximum total load capacity of 2000 kg. If the
frictional force on the elevator is 4000 N, the
speed of the elevator at full load is close to: (1
HP=746W, g=10ms>)

(@ 1.7ms" (b) 1.9 ms™

(¢) 1.5ms* (d 2.0ms™

A running man has half the kinetic energy of
that of a boy of half of his mass. The man speeds
up by 1m/s so as to have same K.E. as that of the
boy. The original speed of the man will be

@ 2ms ) (V2 -1)ms

1 1
(© (\/5—1) m/s (d) \/Em/s
A steel ball of mass 5g is thrown downward with
velocity 10 m/s from height 19.5 m. It penetrates
sand by 50 cm. The change in mechanical energy
will be (g = 10 m/s?)
(@ 1 (b) 1257 (¢) 15 (@ 1.75]
A ball is allowed to fall from a height of 10 m. If
there is 40% loss of energy due to air friction,
then velocity of the ball when it hit the ground is

@ ~190m/s (b) 180m/s
(© 150m/s d V120m/s

A body falls freely under gravity. Its velocity is
v when it has lost potential energy equal to U.
What is the mass of the body?

(@) U%v? (b) 2022 (c) 2UN? (d) U N2
When a body is projected vertically up from the
ground with certain velocity, its potential energy
and kinetic energy ata point A are in theratio 2 : 3.
If the same body is projected with double the
previous velocity, then at the same point A the
ratio of its potential energy to kinetic energy is
@ 9:1 () 2:9 (¢) 1:9 (d) 9:2
A uniform chain of length 2 m and mass 0.1 kg
overhangs a smooth table with its two third part
lying on the table. Find the kinetic energy of the
chain as it completely slips- off the table.

8 12 3 11
—=J —J —J d —J
(a) 9 (b) 5 (© 2 (d) 3
A man places a chain of mass m and length L on

atable slowly. Initially the lower end ofthe chain

18.

19.

20.

21.

22.

Objective Physics

just touches the table. The man drops the chain
when half of the chainis in vertical position. Then
work done by the man in this process is

L
(a) e~ O
_3mgL _mgL
(0 - @ -5

A particle of mass 10 g moves along a circle of
radius 6.4 cm with a constant tangential acceleration.
What is the magnitude of this acceleration if the
kinetic energy of the particle becomes equal to § x
10~ J by the end of the second revolution after the

beginning of the motion?
(@ 0.1m/s? (b) 0.15m/s?
() 0.18m/s? (d) 0.2m/s?

Particle A of mass m moving with velocity
(\/5 i+ }') ms ™! collides with another particle B
of mass m, which is at rest initially. Let 7} and

¥, be the velocities of particles A and B after
collision respectively. If m =2m, and after colli-
sion V] = (§+ NE) }') ms ™!, the angle between V}
and ¥, is:

(a) 15° (b) 60° (c) —45° (d)105°
A straight bar, of mass 15 kg and length 2 m, at
rest on a frictionless horizontal surface, receives
an instantaneous impulse of 7.5 Ns perpendicular
to the bar. If the impulse is applied at the mid
point of the bar, the energy transfered is

(@ 3.21J

(b) 191] J

() 3.8J

d 2.51J

A ball whose kinetic energy is E, is projected at an

angle of45° to the horizontal. The kinetic energy of
the ball at the highest point of'its flight will be

@ E () E/V2() E2 (d) zero.
A porter lifts a heavy suitcase of mass 80 kg
and at the destination lowers it down by a
distance of 80 cm with a constant velocity.
Calculate the work done by the porter in

lowering the suitcase. (take g=9.8 ms?)
(a) —62720.0J (b) —627.2]
(c) +627.2] (d) 784.0J
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23.

24.

25.

26.

27.

28.

A 10 kg block is pulled in the vertical plane along
a frictionless surface in the form of an arc of a
circle of radius 10 m. The applied force is 0f 200
N as shown in figure. If the block had started
from rest at 4, the velocity at B would be

(a 1.7m/s e
(b) 17m/s _6/0
() 27m/s i

(d) 34mss a

Calculate the work done on the tool by F

(11.25 i+11.25 j)N if the tool is first moved out
along the x-axis to the point x = 3.00m, y=0 and
then moved parallel to the y-axis to x = 3.00m,

y=3.00m.
@) 6757 (b) 85J
(© 1027 d) 757

A force F acting on an object varies with distance
x as shown here. )

TheforceisinNand |
x in m. The work 3

done by the force inf ] N
moving the object ——t N x(m)

fromx=0tox=6mis 1234567
(a) 18.0J (b)y 13.57J
() 9.0J (d) 4517

A particle describe a horizontal circle of radius
0.5 m with uniform speed. The centripetal force
acting is 10 N. The work done in describing a
semicircle is

(@ zero (b) 5] © 5n] ) 10mJ
A force F, acts on a particle such that its position
x changes as shown in the figure.

The work done by the

particle as it moves

fromx=0t020mis 2Z°

(d) 37.5J (b) 10J = \
(¢) 451 () 2257 0 5 xm 15 20

A cord is used to lower vertically a block of mass
M, a distance d at a constant downward
acceleration of g/4. The work done by the cord
on the block is

d d
@ Mg (b) 3Mg~
© -3 Mg% (d) Mgd

29.

30.

31.

32.

33.

34.

3s.

36.

A73

A spring of spring constant 5 x 10> N/m is
stretched initially by 5 cm from the unstretched
position. Then the work required to stretch it
further by another 5 cm is

(a) 18.75] (b) 25.00J

(c) 6251 (d) 12.507

The position of a particle of mass 4 g, acted upon
by a constant force is given by x = 4¢% + £, where
x is in metre and ¢ in second. The work done
during the first 2 seconds is

(a) 128mJ (b) 512mJ

() 576ml] (d 144mJ

A body moves a distance of 10 m along a straight
line under the action of a force of 5 newtons. Ifthe
work done is 25 joules, the angle which the force
makes with the direction of motion of body is

(@ O (b) 30°

(c) o0° (d 9%0°

A block of mass m is suspended by a light thread
from alift. The lift is moving upward with uniform
velocity v. From the frame of lift, the work done
by tension on the block in ¢ seconds will be

(a) —mgvt
®) 0 AT Tv
(d) mgvt

The work done by a force F= (—6x°1) N, in
displacing a particle fromx =4 mtox=-2mis
(@) 360J (b) 240J

(c) —240J (d -360J

Work done by static friction on an object

() maybe positive (b) must be negative
(¢c) mustbe zero (d) None of these
Calculate the K.E and P.E. of the ball half way up,
when a ball of mass 0.1 kg is thrown vertically
upwards with an initial speed of 20 ms™!.

(@) 10J,20J (b) 101,107

() 15J,81] (d 8J,16J

Attime ¢=0s particle starts moving along the x-axis.
Ifits kinetic energy increases uniformly with time 7,
the net force acting on it must be proportional to

@ i
1
(© ¢ @ 7

(b) constant
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Twobodies of masses 4 kg and 5 kg are moving with
equal momentum. Then the ratio of their respective
kinetic energies is

(@ 4:5 (b 2:1 () 1:3 () 5:4
A rod of mass m and length ¢ is made to stand
at an angle of 60° with the vertical. Potential
energy of the rod in this position is

mg/ mg/ mg/
—_— (C) —_ —_—

@ mgs (o) — s @ -
A 2 kgblock slides on a horizontal floor with a speed
of 4m/s. It strikes a uncompressed spring, and
compresses it till the block is motionless. Thekinetic
friction forceis 15N and spring constant is 10,000 N/

m. The spring compresses by % Critical

Thinking
(@ 85cm (b) 55cm (¢) 2.5cm (d) 11.0cm
The potential energy of a conservative system
is given by U = ay? — by, where y represents the
position of the particle and a as well as b are
constants. What is the force acting on the system ?
(@ —ay (b) —by (c) 2ay—b (d) b—2ay
A particle, which is constrained to move along
the x-axis, is subjected to a force in the same
direction which varies with the distance x of the
particle from the origin as F(x)=—kx+ ax’. Here
k and a are positive constants. For x>0, the
functional form of the potential energy U(x) of
the particle is

Ulx) Ulx)

(@) ‘@X (b) X
Utx) \ Ux)

(© \/_ x (d) X

Two blocks of masses m and M are joined with
an ideal spring of spring constant k and kept on
arough surface as shown. The spring is initially
unstretched and the coefficient of friction
between the blocks and the horizontal surface is
p. What should be the maximum speed of the
block of mass M such that the smaller block does
not move? Critical
Thinking

43.

44.

45.

46.

47.
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Yo
b

k
[ |rowswssmn.|

Mm (M+m)k
(@) ”g\}(Mer)k (b) ugy

(2M + m) m
kM
Two blocks of masses m, = 10 kg and m, =20 kg
are connected by a spring of stiffness £ = 200N/m.
The coefficient of friction between the blocks and
the fixed horizontal surface is p = 0.1. Find the
minimum constant horizontal force F'(in newtons)
to be applied to m  in order to slide the mass m,.

[Take g= 10 m/s?]

(©) ug (d) None of these

@ pmg+ P28 (b) wmg+umg
+
© wmg _% ) M

A body of mass m is accelerated uniformly from
rest to a speed v in a time T. The instantaneous
power delivered to the body as a function of
time is given by

2 2
mv- 2 mv
@ -t b) ™
T2 T2
2 2
1
€ Lmv- 2 @ Lmv=,
2 12 2 72

A car of mass m starts from rest and accelerates
so that the instantaneous power delivered to the
car has a constant magnitude p . The instantaneous
velocity of this car is proportiourl to:

@ Pp, & 7 @ @ ﬁ

How much water, a pump of 2 kW can raise in one
minute to a height of 10 m, take g = 10 m/s?
(@ 1000 (b) 1200 (c) 100 (d) 2000
The engine of a vehicle delivers constant power.
If the vehicle is moving up the inclined plane
then, its velocity,

(a) mustremain constant

(b) mustincrease

() must decrease

(d) mayincrease, decrease or remain same.
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48.

49.

50.

51.

52.

53.

A body is moved along a straight line by a
machine delivering a constant power. The
distance moved by the body in time ‘¢’ is

proportional to iaed Tri
(a) 13/4 (b) 13/2 EEE‘ TrICky
(C) 11/4 (d) 11/2

A body projected vertically from the earth

reaches a height equal to earth's radius before

returning to the earth. The power exerted by the

gravitational force is greatest

(a) at the highest position of the body

(b) atthe instant just before the body hits the earth

(c) itremains constant all through

(d) atthe instant just after the body is projected

A body of mass 10 kg moves with a velocity v of

2 m/s along a circular path of radius 8 m. The

power produced by the body will be

(@ 10J/s (b) 98J/s (¢c) 491/s (d) zero

A small block of mass 200g is kept at the top of a

an incline which is 10 m long and 3.2 m high.

Match the columns

Column I

Work done, to lift the block

from the ground and put it at

the top

(B) Work done to slide the block (2) 7.2J
up the incline

Column I1

(A) (1) 631

(©) the speed of the block at the (3) 8 m/s
ground when left from the top
ofthe incline to fall vertically

(D) The speed of the block at the  (4) 4 m/s

ground when slide along the

incline
@ (A)—>(2);B)>(3); (CO)—>(1); (D)—>(4)
(b)  (A)—>(1); (B)>(1); (CO)—>(3); (D)—>(3)
(©) (A)>(4);(B)—(); (O)—(2); (D)~(2)
(@ (A)—>(1); B)>3); (O)~>(1); (D)—~>(2)
If two persons A and B take 2 seconds and 4
seconds respectively to lift an object to the same
height 4, then the ratio of their powers is
@ 1:2 () 1:1 (¢) 2:1 (d) 1:3
A 10 H.P. motor pumps out water from a well of depth
20m and fills a water tank of volume 22380 litres ata
height of 10 m from the ground. The running time of
the motor tofill the empty water tank is (g = 10ms 2)
(a) 5 minutes (b) 10 minutes
(¢) 15 minutes (d) 20 minutes

54.

5S.

56.

57.

58.

59.

A75
If amachine gun fires n bullets per second each
with kinetic energy K, then the power of the
machine gun is

K
(@) nK2 (b) - (¢ n?K (d) nK

There block A, B and C are lying on a smooth
horizontal surface, as shown in the figure. A
and B have equal masses, m while C has mass
M. Block A is given an inital speed v towards B
due to which it collides with B perfectly
inelastically. The combined mass collides with

5
C, also perfectly inelastically 3 th ofthe initial

kinetic energy is lost in whole process. What is
value of M/m?
A B C

[m]  [w] [wm]
@ 5 (b) 2 © 4 (d 3
A block of mass 1.9kg isatrest at the edge of a table,
ofheight 1 m. A bullet of mass 0.1 kg collides with
the block and sticks to it. If the velocity of the bullet
is 20 m/s in the horizontal direction just before the
collision then the kinetic energy just before the
combined system strikes the floor, is [Take g= 10 m/
s2. Assume there is no rotational motion and losss
ofenergy after the collision is negligiable.]
(@ 20 () 217 (¢) 19J (d) 23J
A force applied by an engine of a train of mass
2.05 x 10° kg changes its velocity from 5m/s to
25 m/s in 5 minutes. The power of the engine is
(@) 1.025MW (b) 2.05MW
(©0 5SMW (d 6MW
A 10 m long iron chain of linear mass density 0.8
kgm!is hanging freely from a rigid support. If g
=10 ms 2, then the power required to left the
chain upto the point of support in 10 second
(@ 10W (b) 20W (c) 30W (d) 40W
The net power of all the forces acting on a particle
(P) versus time curve is shown. Work done upon

the particle from 4 to B --f‘ Tricky

(a) increases P

(b) decreases

(c) first increases then 4 B
decreases

(d) first decreases then U

increases t
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A wind-powered generator converts wind energy
into electrical energy. Assume that the generator
converts a fixed fraction of the wind energy
intercepted by its blades into electrical energy.
For wind speed v, the electrical power output
will be proportional to

(@ v (b) V?
© Vv’ @ v
A body of mass 1 kg begins to move under the
action of a time dependent force

F=(2ti+3t23) N, where i and 3 are unit vectors

alogn x and yaxis. What power will be developed
by the force at the time t?

@ QE2+3YW (b) (2 +4HW

() QBP+3tHYW (d @E+3W

The energy content of gasoline is 3.6x107 J/L. A
motor with an efficiency of20% is needed at full
output power of 45kW for 50.0 minutes. How
many litres of gasoline are required to operate
the motor for this amount of time ?

(@) 031L (b) 038L (¢) 16L (d) 19L

Ifthe Kinetic energy of a moving body becomes
four times its initial Kinetic energy, then the
percentage change in its momentum will be :
(a) 100% (b) 200%

(c) 300% (d) 400%

An iron ball of mass m, suspended by a light
inextensible string of length ¢ from a fixed point
O, is shifted by an angle 0, as shown so as to
strike the vertical wall perpendicularly. The
maximum angle made by the string with vertical
after the first collision, if e is the coefficient of
restitution, is

(@) sin™! {I—¢?(1—cos 0,)}
(b) cos™! {1—¢€*(1—cos 6))}

() tan! {1—e*(1—cos 0y)}

(d) zero

Mass m, strikes m, which is at rest. The ratio of
masses for which they will collide again (collision
between ball and wall are elastic, coefficient of
restitution between m, and m, is e and all the

sESf Tricky

surfaces are smooth.)

66.

67.

68.

Objective Physics
2
® >7 oo
© = 2(2e+ o

(d) None of the above

A block of mass m is kept on a platform which
starts from rest with constant acceleration g/
2 upward, as shown in fig. work done by
normal reaction on block in time t is:

m Ta:%
[ ]

2,2 2,2
mg-t mg-t
— b
@ ® =
3m g?t?
© 0 ) Sg

Two small bodies of masses 'm' and 2m' are placed
in a fixed smooth horizontal circular hollow tube of
mean radius 'r' as shown. The mass 'm' is moving
with speed 'u' and the mass '2m' is stationary. After
their first collision, the time elapsed for next collision
is [ coefficient of restitution e=1/2 ]

2nr 4nr
i @ 7
© 2 @ 2
u u

m

A block lying on a smooth surface with spring
connected to it is pulled by an external force as
shown. Initially the velocity of ends A and B of
the spring are 4 m/s and 2 m/s respectively. Ifthe
energy of the spring is increasing at the rate of
20 J/sec, then the stretch in the spring is

* Critical
=100 N/m Thinking
L BO800800 ) —»
/B A
[TTTTTTTTTTTTTrTrrTiiriiiiy
(a 10cm (b) 2.0cm
(¢) 10cm (d) 2.0cm
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69.

70.

71.

72.

73.

A car of weight W is on an inclined road that
rises by 100 m over a distance of 1 Km and applies

W
a constant frictional force % on the car. While

moving uphill on the road at a speed of 10 ms™,

P
the car needs power P. Ifit needs power 3 while

moving downhill at speed v then value of v is:
(@) 20ms™! (b) 5ms™! (c) 15ms™! (d) 10 ms™!
A ball of mass m hits the floor making an angle 0
as shown in the figure. If e is the coefficient of
restitution, then which relation is true, for the
velocity component before and after collision?

A .
(@ V!sin®'=Vsinh EEE’ Tricky
(b) V!sin®'=-sin0 |
|l 1
() V!'cos® =VcosH VN0 16 AV

(d V!'cos®=—VcosH

A rubber ball is dropped from a height of 5m on
aplane, where the acceleration due to gravity is
notshown.Onbouncingitrisesto 1.8 m. Theball
loses its velocity on bouncing by a factor of

16 2 4 =2
@ % ®5 ©5 @ 5

A man (mass = 50 kg) and his son (mass = 20 kg)
are standing on a frictionless surface facing each
other. The man pushes his son so that he starts
moving at a speed of 0.70 ms™' with respect to
the man. The speed of the man with respect to
the surface is :

(a) 028ms’ (b) 0.20ms™

(¢) 047 ms™ (d) 0.14ms™

The block of mass M moving on the frictionless
horizontal surface collides with the spring of
spring constant k and compresses it by length
L. The maximum momentum of the block after
collision is

@) L (b) Mk L
oM
M
MI?

©) = (d) zero

74.

75.

76.

71.

78.

79.

AT7

A bullet of mass 20g and moving with 600 m/s
collides with a block of mass 4 kg hanging with
the string. What is velocity of bullet when it
comes out of block, if block rises to height 0.2 m
after collision ? %89 Critical
(a) 200mA (b) 150 m/s Thinking
(c) 400 m/s (d) 300 m/s

A block of mass 0.50 kg is moving with a speed of
2.00 ms! on a smooth surface. It strikes another
mass of 1.00 kg and then they move together as a
single body. The energy loss during the collision is

@ 0.16] (b) 1.00] © 0677 (d) 034]

Statement I : If collision occurs between two
elastic bodies their kinetic energy decreases
during the time of collision.

Statement II : During collision intermolecular
space decreases and hence elastic potential
energy increases.

(a) Both statement I and II are correct.
(b) Both statement I and II are incorrect.

(c) Statement I is correct but statement II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.

An engine is hauling a train of mass M kg on a
level track at a constant speed v m/s. The
resistance due to friction is /N / kg. What extra
power must the engine develop to maintain the
speed up a gradientofhin s :

Mghs

M%hv (b) — (c) Mghvs(d) zero

@
An electric pump is used to fill an overhead tank
of capacity 9m? kept at a height of 10m above
the ground. If the pump takes 5 minutes to fill
the tank by consuming 10 kW power the
efficiency of the pump should be (g = 10 ms~2)

(@ 60% (b) 40% (c) 20% (d) 30%
Water falls from a height of 60 m at the rate of
15 kg/s to operate a turbine. The losses due to
frictional force are 10% of energy. How much
power is generated by the turbine?( g = 10 m/s?)
(a) 8.1kW (b) 102kW

(¢ 123kW (d 7.0kW



80.

81.

82.

83.

84.

.V&:

A particle of mass m is moving in a circular path of
constant radius » such that its centripetal
acceleration a is varying with time ¢ as a, = k*r*
where k is a constant. The power delivered to the
particles by the force acting on it is

*#Critical
Thinking
@ 2n mk*r2t (b) mk*rt

425
(o) % (d) zero

A particle of mass ‘m’ is moving with speed 2v’
and collides with a mass ‘2m’ moving with speed
‘v’ in the same direction. After collision, the first
mass is stopped completely while the second
one splits into two particles each of mass ‘m’,
which move at angle 45° with respect to the
original direction.

The speed of each of the moving particle will be:
@ 2v b) 22 v

© v/(2N2) () v/\2

A particle falls from a height /2 on a fixed horizontal
plane and rebounds. If e is the coefficient of
restitution, the total distance travelled by the
particle before it stops rebounding is

%3‘\Toughnut
h[1-¢*] [l -e?]
@ 2t ® i
h[1+e?] W1+ e?]
© 3 C

A collision occurs between two identical balls

of mass m each, moving with velocities 3; and

uy - If the collision is head on and the energy

3. -2
lost in the collision is AE =E(u1 fuz) then

the coefficient of restitution is

@ 025 (M) 075 () 05 (d 09

A shell is fired from a cannon with a velocity v (m/
sec.) at an angle 6 with the horizontal direction.
At the highest point in its path it explodes into

8s.

86.

87.

Objective Physics

two pieces of equal mass. One of the pieces
retraces its path to the cannon and the speed (in
m/sec.) of the other piece immediately after the

explosion is * Critical
Thinking

(@ 3vcos@ (b) 2vcos @

©) %v cos 0 (d) %V cos 0

An object of mass m is projected verticallyupwards
with a speed of v, At the same moment another
object of mass M, which is initially above the
projected one, is dropped from a height of /. The
two point like objects collide completely inelastically,
and they stick to each other. Find kinetic energy (in
J) of combined mass just before it hits the ground.
(Given: m=1kg,v,=20m/s, M=3kg,h=20m,g=

2
10m/s). L Joughnut

(@ 550J (b) 650)J (c) 450J (d) 2507
Statement I : When the force retards the motion
of a body, the work done is zero.

Statement II : Work done depends on angle

between force and displacement.

(a) Both statement [ and II are correct.

(b) Both statement I and II are incorrect.

(c) Statement I is correct but statement 1II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.

Assertion : Work done by friction on a body

sliding down an inclined plane is positive.

Reason : Work done is greater than zero, ifangle

between force and displacement is acute or both

are in same direction.

(a) If both Assertion and Reason are correct
and the Reason is a correct explanation of
the Assertion.

(b) If both Assertion and Reason are correct
but Reason is not a correct explanation of
the Assertion.

(c) If the Assertion is correct but Reason is
incorrect.

(d) Ifthe Assertion is incorrect and Reason is
correct.
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88.

89.

90.

If W represents the work done, then match the
two columns:

Column I Column II
(A) Force is always along the () W=0
velocity
(B) Forceis always perpendicular (2) W<0

to velocity
Force is always perpendicular (3) W=>0
to acceleration
The object is stationary but the
point of application of the force
moves on the object
@ (A1) (B)>(2); C>(3) (D)>(2)
() (A)>(3); (B)—>(1); C—(2,3); (D)—(1)
© (A)—(2); (B)=>(3); C—(1); (D)—>(2)
(d) (A)—=>(1); (B)=>(2); C>(3); (D)—(1)
Statement I : A block of mass m starts moving
on a rough horizontal surface with a velocity v.
It stops due to friction between the block and
the surface after moving through a certain
distance. The surface is now tilted to an angle of
30° with the horizontal and the same block is
made to go up on the surface with the same initial
velocity v. The decrease in the mechanical energy
in the second situation is smaller than that in the
first situation.

Statement II : The coefficient of friction

between the block and the surface decreases

with the increase in the angle of inclination.

(a) Both statement [ and IT are correct.

(b) Both statement I and II are incorrect.

(c) Statement I is correct but statement 1II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.

Consider the following statements

I The slope of kinetic energy-displacement
curve of a body in motion will be directly
proportional to its acceleration.

II. From a height of 15 m a ball is projected
vertically upwards with a velocity of 30 m/
s. If the ball rises to the same height after
hitting the ground, the loss of its energy
on hitting the ground is 30%.

II. The velocity acquired by a body of mass
‘m’ after travelling a fixed distance from rest
under the action of a constant force is
directly proportional to mass ‘m’.

©
D)

91.

92.

93.

94.

AT79
Which of the following is correct?
(@) Tonly (b) Ionly
(¢) TandlIl (d) MandIII

Statement I : Power is directly proportional to

work done.

Statement II : Power is related to force and

velocity.

(2) Both statement I and IT are correct.

(b) Both statement I and II are incorrect.

(c) Statement I is correct but statement II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.

L Power can be expressed in terms of force

F and velocity 3.

II. Power can be expressed as P = Kz
t

IlI. Power is the amount of energy transferred
per unit time.

Identify correct statements :

(2) TandII (b) OnlyIl

(¢) LIIandIII (d) None of these

Assertion : Power developed in circular motion

is always zero.

Reason : Work done in case of circular motion

is zero.

(a) If both Assertion and Reason are correct
and the Reason is a correct explanation of
the Assertion.

(b) If both Assertion and Reason are correct
but Reason is not a correct explanation of
the Assertion.

(c) If the Assertion is correct but Reason is
incorrect.

(d) Ifthe Assertion is incorrect and Reason is
correct.

Statement I : In an elastic collision between two bod-

ies, the relative speed of the bodies after collision is

equal to the relative speed before the collision.

Statement II : In an elastic collision, the linear

momentum of the system is conserved.

(a) Both statement [ and II are correct.

(b) Both statement I and II are incorrect.

(c) Statement I is correct but statement II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.
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95. Assertion : The conservation ofkinetic energy
in elastic collision applies after the collision is over
and does not hold at every instant of the collision.
Reason: Duringa collision the total linear momentum
is conserved at each instant of the collision.

(a) If both Assertion and Reason are correct A
and the Reason is a correct explanation of 450 300
the Assertion. TTA C
(b) If both Assertion and Reason are correct
but Reason is not a correct explanation of 98-
the Assertion.
(c) If the Assertion is correct but Reason is
incorrect.
(d) Ifthe Assertion is incorrect and Reason is
correct.

Abody 4, of mass m=0.1 kg has an initial velocity of
37 ms™. It collides elastically with another body,
B ofthe same mass which has an initial velocity

of 5 jms”. After collision, 4 moves with a

velocity v = 4(5 +}) The energy of B after
‘ Numeric Value Questions ‘

.. . . 'x .
96. Two persons A and B perform same amount of collision is written as 10 J. The value of x is

work in moving a body through a certain distance
d with application of forces acting at angle 45°
and 60° with the direction of displacement
respectively. The ratio of force applied by person

99. A body of mass 2 kg is driven by an engine
delivering a constant power of 1 J/s. The body
starts from rest and moves in a straight line. After

1 . .
A to the force applied by person B is ﬁ The 5 S ds iRy has moved a distance (in m)

value of x is An engine is attached to a wagon through a

100.

Two inclined planes are placed as shown in
figure. A block is projected from the Point A of
inclined plane AB along its surface with a
velocity just sufficient to carry it to the top Point
B at a height 10 m. After reaching the Point B
the block slides down on inclined plane BC.
Time it takes to reach to the point C from point

shock absorber of length 1.5 m. The system with
a total mass 0f 40,000 kg is moving with a speed
of 72 kmh' when the brakes are applied to bring
it to rest. In the process of the system being
brought to rest, the spring of the shock absorber
gets compressed by 1.0 m. If 90% of energy of
the wagon is lost due to friction, the spring

Ais t(\/i + 1) s. The value of't is (useg constant 1s X 10° N/m.
=10 m/s?)
1 | ®O[11 ] @21 @31 [E@|41]D]|51]®B[61]D]71[®|81]|DB)]91] ()
2@ 12{®]|2]|®[32]|b)|42|@]|52[{C@]|62]@[72]®)]| 82 [@]92] (@
3@ 13|23 ®[33|@[|43[@ |53 |[63]|]@]T73[®)[83]C)][93] ()
4 | ]|14[@©]24 ]| (@) [34]|(@@) |44 | ®)]|54[(d)]|64]|B)[T74](a)]| 84| ()] 94| (a)
S51@J15[@]25]®[35]®)|[45|®|55[@]|65]@([75]C)]| 8 [M®)]95] ()
6 |G|16[@]|26]| (@ [36]|](@]|46|®B)]|56[®)]|66]|(d)[76]®)]| 8 [(@)]96] (2
71@©[117[©]127]©@[37]@D[47|@|57[®]67|®[77]@)]|87[@]|97] 2
8 |(@|18[(@ |28 |(c)[38]|( |48 | ®b)|58[()]|68|()[78]()]|8 [(b)]98 )
91 @W]|19[@D]29]@[39]B)|[49|[®)]|59[@][69][79]@)]89][()]99[(18
10| ) [20 [ ®) |30 [ (c)[40 ] (@[50 | (@)]60[()]70] (@) ][80]®)]90|(@)]|100[(16)
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A81

Hints & Solutions

(b) Applying momentum conservation
mu + myu,=my, +m,y,
0.1u + m(0) =0.1(0) + m(3)

1 1
0.1u = 3m; —0.1u*> =—m(3)*
2 2
Solving we get, u = 3

1 1 (xV 1
Zhkt=—K| = | +=(0.1)3?
2 27 2) 2

3
& 2r?=09 = 3, 209
4 272

T —061
2

(total initial energy of the spring)
(a) Work done against gravity = mg sin 6 X d
=2x10%10=200J(d sin 6= 10)
Actual work done =300J
Work done against friction = 300 -200=100 J
(¢) By work-energy theorem,

-

Ak =W, o s VA

all forces

= [(4xi +3y*)).(dxi +dy )

2 3 2 2 » 3
_ 2 — X 2
= {4xdx+£3y dy = 4{ 2 l +3{ 3 L
=222 - 17+ 33 -21=6+19=251.

(¢) From given graph:

Pl 2xs10ic[20-2y i+ [ 2216k
4 3 3

W:Iﬁ-&
(2,10,0) 3 4 4
= Zx+10|i+120-2y | j+| 2216 |k
j[4 ] ( 3yj’(3z j
(0,5,6)

[dxlf+dyjﬂ'+dzl€]=¥.l

Work done can also be found by finding area
under these curves.

2
v
© a-= Kt =— = v=lt
r

a

at—E—kr

> 5 o
Now, p— (F, +F)).v
=0+Fy=may
= mkr (krt) = mk*r’t
(b) Energyrequired =mgh
In both cases, h is the same. Hence energy both
is the same.
() Initialmomentum (p,)= p; Final momentum
(p,)= 1.5 p and initial kinetic energy (K,) =K.
2

Kinetic energy (K) = Py p2

2m

2 2
K _(p) _(p) 1
K, kpz Ll.Sp) 2.25
or, K,=2.25K.
Therefore, increase in kinetic energy is 2.25 K —

K=1.25Kor 125%.
(@) U, =mgh, and U, =mgh,

or,

U,-U
% energy lost = 1U 2%100
1

:wxlooz ﬁ %100
mgh, h,

=2_—21'5x100=25%

(d) Work done on the body is gain in the kinetic
energy. Acceleration of the bodyis a=V/T.

\Y%
Velocity acquired in timet isv=at = ?t

2.2
K.E. acquired oc v2. That is work done oc ¢

T2



10.

11.

12.

13.

14.
15.

16.

(b) Total force required to lift maximum load
capacity against frictional force = 400 N
Fioa1 = Mg + friction

=2000 x 10 +4000 =20,000 +4000 = 24000 N
Using power, P = F X v

60 x 746 =24000 x v = v=1.86 m/s = 1.9 m/s
Hence sPeed of the elevator at full load is close to
1.9 ms

(¢) Let m = mass of boy, M = mass of man
v = velocity of boy, V = velocity of man

1 11
EMVZ ZE[EWWZ} (D)
} (i)

M
Putting m= ey and solving V =

—M(V +1)2 = 1[%mv2

1
o=
(®) v>=u2+2gh = (10)> +2x10x19.5 = 490
K.E. at the ground

, 1 5 49

mv- =—x x490=—]

1
2 2 1000 40
x10x it —L J
100 40
4 1
Change in energy = g [ —j

40 40

=30 s
40

PE.=mgh=

1000

@

© U=@1/2Mv?

(¢) Let E be the total energy then
PE mgh 2 5
KE  E-mgh 3 ~FE= 5 meh

When velocity is double then inital energy
becomes 4F.

mgh
4E -mgh

mgh

So, - 10mgh — mgh

PE 1
On solving we get ——=—.
KE 9
¢
U —f—ﬂgxdx——ng/'
@ ==l THa

17.

18.

19.

Objective Physics

m 1
U, = J.f—gxdx =——mg/l
0 L 2

. 4
lossinP.E.=U, -U, = ;mgl

:gx0.1><10><2 =§J= Final K.E.

(¢) The work done by man is negative of
magnitude of decreases in potential energy of
chain

m L L
AU =mg——-—g—=3mg— - -
gZ 2g4 gg S 3

10
(a) Given: Mass of particle, M= 10g = mkg

radius of circle R= 6.4 cm
Kinetic energy E of particle =8 x 1074J
acceleration a, = ?

1 0
Sl = — —4
2rnv =E=> [1000)‘} =8x10
=>v2=16x102 = v=4x10"1=0.4m/s
Now, using
V2=u2+2ats (s=4nR)
22 64
2=02+ 4 )
(0.42=0 2at(><7 100
— (042 % 0 =01 /s
= & =04 g ea O 1m/s

(d) Before collision,

Velocity of particle 4, u, = (3 + jym/s
Velocity of particle B, u, =0

After collision,

Velocity of particle 4, v, = (i + \/5})

Velocity of particle B, v, =0
Using principal of conservation of angular
momentum

mylly + mytiy = myv; + m,v,

= 2my (3i + J)+my x0=2m, (i +/3])+m, x7,
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=23 +2] =20 + 243+,
=¥ =[(3-1i-(3-1j]*2
=7 =i+3]
For angle between v, and v, ,
VoY, 2(W3-D(1-3) 1-43
Wh o 2x2V2(\B3-1) 242
= 0=105°
Angle between v, and vV, is 105°
20. (b) J= m(vf— v)or7.5= 15(vf— 0)
= vy=0.5m/s

cosO =

K= %va - %xleO.Sz =1.9J

21. (c) Letu be the speed with which the ball of
mass m is projected. -

Then the kinetic energy (E) y V2
at the point of projection is 150

1 2 . u
E = mu () "

When the ball is at the highest point of its flight,

u

the speed of the ball is N (Remember that the

horizontal component of velocity does not
change during a projectile motion).
.. The kinetic energy at the highest point
2
E
I _ 2 From (i)]

=%m£%J 22 2

22. (b) From work-energy theorem,

2

Worier T Wi =AK.E. =0 (- velocity constant)
or, WPorter - 7ng =—mgh
80
Woorter = —80%9.8x 100 =-627.2]

23. (b) Wgravity+WF = AK
—10xg(10—-10 cos 60°) + 200 x10sin 60°
Le10x22 -0
= 5 10xvy = vy =17m/s
24. (a) Netdisplacement is (3i+3])

so work done = FAS =1 1.25(i+ j).(3 f+3j)
=33.75x2=67.50]

25.

26.
27.

28.

29.

30.

31.

32.

®) N

A

A B
i
1
1
1
1

3<
2.
1 4
— ANE 5 x)

0 1234567
Work done = area under F-x graph

=area of trapezium OABC = %(3-1— 6)(3) =13.5]

(@) W=Fscos90°=zero
(¢) W =area of F — x graph
= area of A + area of rectangle + area of A

5%3 5%3
= —+10x3+—— =
5 > 45 J

(c) As the cord is trying to hold the motion of
the block, work done by the cord is negative.
-3Mgd

W=M(ga)d:—M(g—%jd: 2

1

@ W =5><5><103(0.05)2
1

=W, :Ex5x103(0.10)2

1
. AW=E><5><103><0.15><0.05=18.75J.
(¢) here,m=4,g=4x103kg

dx d3x

LSS =8t+] ——=8
dt

142
X =4t° +t dt2

2
Work done, W = J fdx = md—;((i—):] dt
dt

2
= [(@x107)®)B t+1)dt
0

‘ 8t?
=32x107° [St+Ddt =32x107° ot

0 0
=32x 107 [4(2)*+2-0]=576mJ

W 25 1
() W=Fscos9, cosf=— >

Fs - 5x10
6=60°.

(b) In the frame of lift displacement is zero,
soW=FS=T.S=0.



33.

34.

35.

36.

37.

38.

A84

x) )
@ w=|re = [oce

X1 4
,2 _6
= 7[(—2)4 ~#*1=3601.

it

4
(a) Consider the blocks shown in the figure to

be moving together due to friction between them.

A

B | ——F
7. 4
The free body diagrams of both the blocks are
shown below.

A

f,

B

£,
Work done by static friction on A is positive and
on B is negative
(b) Total energy at the time of projection

1 1
:Emvz :Ex0.1(20)2 =20J
Halfway up, P.E. becomes halfthe P.E. at the top

ie. PE.= ? =10J

K.E.=20-10=10J.
(d) Given, dak = constant
dt
= kot > v \/;
Also, P=Fv= % = constant
dt
1

1
= Fo— = Foc—
e
d) Kzinetic energy ot a body,

- P
2m
Asp,=p, (Given)
K omy, 5
' Kz_m1 T4

(d) For any uniform rod, the mass is supposed
to be concentrated at its centre.
height of the mass from ground s, h=(//2) sin 30°
Potential energy of the rod

39.

40.

41.

42.

Objective Physics

!
=m><g><5 sin 30°

(b) Let the blow compress the spring by x
before stopping.

Kinetic energy of the block = (P.E of compressed
spring) + work done against function.

1 1
5X2X(4)2 :Ex10,000><xz+(+15)><x

10,000 x2+30x—32=0
= 5000x% +15x 16 =0

~1584(15)% 4 x (5000)(-16)
- 2 %5000

=0.055m=5.5cm.

@ F:—i—U:b—Zay
y

@ dU,=—Fdx

by 2 4
=_I Fdy e
X 0 2 4

2k .
U=0atx=0andatx= ,/7; = we have potential

energy zero twice (out of which one is at origin).
Also, when we putx = 0 in the given function,

F=0.B F*—de
we get f=0.But /= e

dUu
= Atx=0; e 0 i.e. the slope of the graph

should be zero. These characteristics are
represented by (d).

(¢) For the smaller block to move kx(, = pmg
and from work energy theorem
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43. (@) Wp+ WSp + Wi = Ak
x=0

my A m, F
[ [
g
«—
wm,g —_—
X

1
= FX_EIOCZ —wmg x=0 and kx = um,g

1
= F-oumyg —umg =0 = F=umlg+“mzzg

44. ) u=0;v=u+aT;v=aT
Instantaneous power =F X v=m. a.

at= m.a’.t

2
v
- Instantaneous power = m—-t
T

45. () Constantpower ofcar Py=F.V=ma.v

B=m—uvy

dt
Fydt = mvdv Integrating

2 2Pt
Rpe="  v= =0
2 m

P, , mand 2 are constant

. voc\/;

46. ) P="" Here,P=2kW=2000W.
t

W=Mgh=Mx10x10=100M andt=60s.
This gives, M = 1200 kg
Its volume = 1200 litre as 1 litre of water contains
1 kg of its mass.

47. (a)

48. (b) Weknow that F x v=Power

.. Fxv=c¢ wherec = constant

.'.mﬂxv:c (.'.Fzmazm—dvj
dt

v t
1
. mj.vdv = C.[ dr .. Emvz =ct
0 0

— Ext%
m

49.

50.

51.

52.

53.

54.

y 185 |
Lodx _|2¢ 1

dx
=, [—xt'2  where v=—
dt

odt m

X t

. jdx:\Exjt%dt
0 mo

%
2¢ 2t/ Yy
X=4—X = xoct/?
m 3

() Power exerted by a force is given by
P=F.v

When the body is just above the earth’s surface,
its velocity is greatest. At this instant,
gravitational force is also maximum. Hence, the
power exerted by the gravitational force is
greatest at the instant just before the body hits
the earth.

- >

(d The power of body is given by= F.v as

the body is moving in circular path, centripetal
force and velocity are at 90°, or power = 0.
b)) A—>(1):;B—>(1)C— (3):D->0)

work done
(¢) Power= ————
time
mgh
Therefore power of A, P, = T
mgh
and power of B, P, = s
P
Sals_2yy
Pty 2

(¢) Volume of water to raise =22380 /
=22380x10-3m?
po mgh _ Vpgh e Vpgh
t t P
o 22380x107° x10° x10x10
10x 746
(d Power= total work done

15 min

time

1.2
—Myv
=2 =l(mv2)n ['.'Mzmnj
t 2 t

—kn | KEK =1 m?
rexgm
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56.

57.

A86

(¢) Kinetic energy of block A
I >
kl = Emvo

.". From principle of linear momentum conservation

mVO
2m+M

mv :(2m+M)Vf = Vg =

5
According to question, of 5 th the initial kinetic

energy is lost in whole process.

L
2 _6
_1_6 mv
ke (2m+M)[ 0)
2m+M
:>2m+M:6.'.M:4
m m
®) Given,

Mass of block, m; =1.9 kg

Mass of bullet, m, = 0.1 kg

Velocity of bullet, v, =20 m/s

Let v be the velocity of the combined system. It
is an inelastic collision.

Using conservation of linear momentum

my X 0+my xv, = (my; +m,)v
=0.1x20=(0.1+1.9)xv = y=1m/s

Using work energy theorem
Work done = Change in Kinetic energy
Let K be the Kinetic energy of combined system.

1
(m, +m,)gh :K_E (m; +m,)v?

:>2><g><1:K—%><2><12 =K=21]

1
_ Work done _ 5 m(
ime t

®) Pow

| 205x10°x[ (25 ~(5%)
P=—x
2 5% 60

P=2.05%10°W=2.05 MW

58.

59.

60.

61.

62.

63.

64.

Objective Physics

(d m=10x0.8kg =8kg
height ofiron chain =5m

mgh 8x10x5
t 10

(@) Area under graph increases. Hence work
done upon the particle from A4 to B increases.
(¢) Number of particles string the blades/time
oc velocity of wind
K_E. of particle oc (Velocity of wind)?

Power output oc (No. of particles striking/
time) X (K.E. of particle)
Power output oc V3

P= W =40W

d Givenforce F =24 +3¢*]

According to Newton's second law of motion,

m%=2t5+3t2} (m=1kg)

t
J.2IZ+3I‘] dt = v—tl+t]
0

o!—,ﬂ

Power P= F-5 (267 +3t2})- (% +£2})
=Qe+35W

d E=Pt=45x103x50x60=1.35x10%
1.35x10°

V=—"——-=375L
3.6x10

Since the motor is 20% efficient, five times as
much gasoline is needed.

(@ Relation between kinetic energy and linear
momentum is given as

2
:>me

f_r

Pl‘V —1 x100=(2-1)x100=100
P P

AP
= —%=100%
Py
() Speed just before collision

= J2g¢(1-cosBy)
Speed just after collision = e/2g¢ (1—cos6;)



Work, Energy and Power

65.

66.

67.

68.

69.

From conservation of energy,

%me2[2g€ (1-=cos8y)] =mgl (1-cos0)

. 0=cos ! {1 —e3(1-cos 00)}
@ mpy=—mpy +m,v,,

2y my e
e= T for limiting condition; my,  2te
mg 3mg
(d) Here, N-mg=ma= —3N:T 70.

N = normal reaction
Now, work done by normal reaction ‘N’ on

block in time t, 71.
3 1 3mg?t?
W=NS= [ mgj[ g/rt ] or, W= Te
2 8
(b) Ifjustafter collision, relative velocity=v then
vl ., s
u 2 O T

. time between 15t and 29 collision ,

2n 4dnr

O u

(©) Letx, andxgbe the position of ends A and
B at time ¢ from the block, then stretched length
of the spring will be

ly=x,—Xxp
and so the stretch
Al=1ly—0,=(x,—xp)— !, ({,naturallength 72.
of the spring)
So, U = 1kal® = Lij(e, —xp) - 0,
2 2
du 1 dx, dx
=8k x, —xe—t) 224 _E2B 73.
R 1)( di di j
P
- F =
P=F (v, ,~vp) Sy
A(:E: P = 20
k (VA *VB)k (4*2))(100

Al=0.1m=10cm
(¢) While moving downbhill power

P= [wsine+lj10
20

74.

A87

P_3w_ [K_KJV
2 4 10 20
3

. Speed of car while moving downhill v=15m/s.
(a) Asthefloor exerts a force on the ball along the
normal, & no force parallel to the surface, therefore
the velocity component along the parallel to the
floor remains constant. Hence V sin 0=V!sin 0.
(b) According to principle of conservation ofenergy
Potential energy = kinetic energy

= mgh:%mv2 = v=,/2gh
If h, and h, are initial and final heights, then

= vV = x/2gh1 , Vo = \/zghz
Loss in velocity,

AV =vy —vy =,/2gh; —,/2gh,

... fractional loss in velocity
_Av

\2gh; 1/2gh2 \/7
V] 2gh

:1—‘/% =1-4036=1-0.6 :0.42%

o) Vs,m:VS—VmDOj:VS—Vm

Pi = Pf
or 0=20(0.7—v)=50v
or v=0.2m/s
b) 1
2

—wm? = kL2
== ot M

/ k
Momentum =M Xy =M X H.L =~kM .L
(@) Initial,

1, 1 20
KE.=—

mv- =—x x 600 =
2 27000 x 600=3600J




75.

76.
77.

78.

79.

80.

A88

Change in K.E.=PE.
1
Em(v2 —v? ) =mgh

= 3600 —~x—20 v 2 =4x10%80
271000

= v;=200m/s
(¢) Initial kinetic energy of the system

1 1 1
K.E; =Emu2 +EM(0)2 = x0.5x2x2+0=1]

For collision, applying conservation of linear
momentum
mxu=(m+M)Xxv

2
0.5x2=(0.5+D)xv :>V=§m/s
Final kinetic energy of the system is
1 ga—] o D -
KEf=—(m+M)v" =—(05+)x—x—=—]J
r=5( N )3 =

Energy loss during collision

= (l —ljJ =0.67J
3

(b)

(@) Extrapower, P=mgsin 0 x v

:ngﬁxszihv.
S S
A 9000x10x10
p_ =mgh _ZO00XVXV 3000 W
@ Pou ¢ 5% 60
_ 3
P = 10x10° W.
= Fout 002 30003><100:30%
: B, 10x10

(@ Given,h=60m,g=10 ms2,
Rate of flow of water = 15 kg/s

.. Power of'the falling water
=15kgs ! x 10ms2 x 60 m =900 watt.
Loss in energy due to friction

10
100
.. Power generated by the turbine
=(9000—-900) watt = 8100 watt = 8.1 kW
() The centripetal acceleration

=9000x =900 watt.

2

\%
aC:kzrz2 or —=k*t? v=krt
r

81.

82.
83.

84.

8s.

Objective Physics

So, tangential acceleration, a, = ? =kr
t

Work is done by tangential force.
Power = F-v-cos 0° = (ma,)(krt) = (mkr)(krt)
= mk*rt

(b) m@2v)+2mv=0+2my’cos45°orv'= 2,/2y
@

(¢) Energylostin the collision is

AEzlmu2
2

rel (1 - 62)

3 =21y 2
..%(m—uz) =5mu,€1(1—e) —e=05

(@) As one piece retraces its path, the speed of

this piece just after explosion should be v cos 0
-+

—

- vcost

m m
2 2

(At highest point just after explosion)

Applying conservation of linear momentum at
the highest point;

m_ ., om
m(vcosQ )= Exv—zxvcose

3vcosf=V
() Using relative velocity, time of flight before
collision will be

20
= o

=—_=15
20
7| B R=12x10x1>
=5m
0
w
gt =10m/s
h—h'=15m E 20-10x1=10m/s | 15
R1 O

By COM at the time of collision
3x10-1x10=4xvy
2x10=4x%xv; 5=y

v=>5m/s



Work, Energy and Power

86.

87.

88.
89.

90.

For 1-D motion

v =12+ 2as=5>+2x 10x 15=25+300=325
K=650]

(@ When the force retards the motion, the work
done is negative.

Work done depends on the angle between force
and displacement W= Fs cos0

(d When a body slides down on inclined
plane, work done by friction is negative because
it opposes the motion (6 = 180° between force
and displacement)

If0 <90° then W=positive because W= F.s. cos 0.
B)  (A)>(3) B)>(1); C>2.3); (D)(1)

(¢) In the first case the mechanical energy is
completely converted into heat becuase of

. . . . 1
friction. i.e., Decrease in mechanical energy = 5

my2-

While is second case, a part of mechanical energy
is converted into heat due to fiction but another
part of mechanical energy is retained in the form of
potential energy of the block. i.e., Decrease in

mechanical energy = % mv2 —mgh

Therefore statement 1 is correct.

Statement 2 is wrong. The coefficient of friction
between the block and the surface does not
depend on the angle of inclination.

1
(a) Wehave KE= EmV2

i(KE) = 1 X m X 2Vd—V
dx 2 dx
Slope of (K.E —x)curve=ma cca
So, (I) is correct

When ball just strike the ground, then

V=v302+2x10x15 =+/1200m /s

Ifball reaches the same height after striking the
ground then, velocity after collision =30 m/s

1 1
So, AE = Em(lzoo— 900) = Zm*300

1
—m x 300
Exloo:f <100 =25%

E Smx1200

So, (II) is incorrect.

91.
96.

97.

98.

A89

Now, equation of motion are independent of
mass. So velocity will not depend on mass. So
(III) is incorrect.

@ 92. @ 93. @ 9%4. (@ 95. M

(2) Work done by A =Work done by B

F dcos 45° = F dcos 60°

1 1 F, 201
= Fyx—==Fpx— £ = =

A \/E B \/5
= x=2

:> =
2 Fp 2
(2) Using energy conservation for plane AB

|
Emu2 = mgh (Here, u=initial velocity of block)

= %xmxuzzmxmxlO = ule\/E

At point B

-10
Acceleration, a = —gsin45° = —
¢ N

Using v=u+at,

10

= ozloﬁ_—t = t; =2 sec
\/5 1 1
B
10 m

%
45° 30°
TA C
For plane BC

. 1
Using s = ut, +Eat§

10
10 :l(losin30°)t§ [ s:.—)
sin30° 2 sin30°
= t2:2\/§

So total time T =t, +t,

=22+2= 2(\/§+l)sec
(1) For elastic collision KE, = KEf

lmx25+lxmx9=lmx32+lmv§
2 2 2 2
34=324VF =V =2

1 1
KEg =—mv; =E><0.1><2=0.1J=EJ

1
2
Lx=1



99.

(18) Given, Mass of the body, m =2 kg
Power delivered by engine, P =1 J/s
Time, t=9 seconds

Power, P=Fv
= P =mav [ F =ma]
Vv [ dV)
=>m—v="~P va=-—
dt dt
P
=vdv=—dt
m

Integrating both sides we get

v Pt
dv=—|dt
:>.([v y m{

VPt (213:)”2

> =y =
2 m

o dx / 2P 172 [v:ﬁ]
dt dt
X
J‘ / ”zdt
0

Objective Physics

o \Fw \P 2
1 n X =
stance, 3/2

== %xgwm =§><27=18m

100. (16) Given,

Mass of engine - wagon system, m = 40,000 kg
Velocity, v="72 x 5/18 =20m/s

KE= %mvz — —x(40,000) x (20)*=8000000J

As 90% of K.E of system lost in friction, only
10% s
transfered to spring.

Lk =19 48000000
2 100

:>%XKX1X1=800000

=K=16x10°N/m



